INTRODUCTION
Biologic tumor necrosis factor (TNF) inhibitor therapies are routinely used in the USA and Europe to treat patients with inflammatory disorders, such as rheumatoid arthritis and inflammatory bowel disease, and these have greatly improved outcomes in these patients [1] [2] [3] [4] . HumiraÒ (adalimumab) (AbbVie Inc., North Chicago, IL, USA) and EnbrelÒ (etanercept) (Immunex Corp., Thousand Oaks, CA, USA) are commonly prescribed biologic TNF inhibitors for the treatment of inflammatory joint disorders, such as rheumatoid arthritis, axial spondyloarthritis, and psoriatic arthritis [5] [6] [7] [8] . Humira, but not Enbrel, is also indicated for the treatment of Crohn's disease and ulcerative colitis [5] [6] [7] [8] . To increase patient access to these highly effective yet costly biologic therapies, anti-TNF biosimilars have been developed in recent years as more affordable alternatives [9] . However, medication nonadherence is common in patients receiving biologic anti-TNF treatment and is associated with increased disease activity and flares, loss of responsiveness to anti-TNF treatment, poorer quality of life, increased healthcare expenditures, and higher disability in patients with chronic inflammatory joint or bowel disease [10] [11] [12] [13] . Improving adherence could substantially improve treatment efficacy and mitigate costs.
Biologic TNF inhibitor autoinjectors, such as the Humira (adalimumab) PenÒ and EnbrelÒ (etanercept) MyClicÒ Pen, were developed to improve medication delivery and adherence and sustain long-term efficacy [8] . A number of studies have indicated that both patients with inflammatory conditions and nurses tend to prefer autoinjectors over prefilled syringes, as they consider autoinjectors easier to use, more convenient, and less painful [14] [15] [16] . Further improvements in autoinjector design attributes, such as ease of grip and ease of dose administration, could further optimize patient comfort and adherence, particularly for patients with inflammatory joint disease who can often find self-injection challenging due to compromised manual dexterity [17] [18] [19] [20] [21] [22] .
Imraldi TM (SB5, adalimumab) (Biogen Inc., Cambridge, MA, USA), a biosimilar of the anti-TNF monoclonal antibody Humira (adalimumab), was approved by the European medicines Agency in 2017 for the treatment of various inflammatory conditions, including rheumatoid arthritis, axial spondyloarthritis, psoriatic arthritis, Crohn's disease, and ulcerative colitis [23, 24] . The Imraldi autoinjector, a latex-free, single-dose prefilled pen, was designed to ease and simplify the process of selfinjection. To improve grip, it features a nonslip surface and a rounded four-sided shape. To facilitate self-injection, it clicks audibly to indicate the start and end of dose administration, features a button-free initiation mechanism and a small needle size, and has a large medication viewing window with an indicator to confirm injection is complete. Head-to-head comparative studies of the Imraldi autoinjector versus other biologic TNF inhibitor autoinjectors are needed to determine whether the Imraldi autoinjector's attributes improve patient and nurse satisfaction. To address this gap, simulated-use studies were conducted with the Imraldi, Humira, and Enbrel MyClic autoinjectors to evaluate the autoinjector preferences of both patients with inflammatory joint or bowel disease and nurses who have experience in educating patients with these conditions on self-injection.
METHODS
Two survey studies, each with nurses and patients, were conducted in the UK and Germany. The first study compared the Imraldi and Humira autoinjectors, and the second study compared the Imraldi and Enbrel MyClic autoinjectors. Both studies were executed by Cello Health Insight, an independent healthcare market research agency. Cello Health Insight is a member of the British Healthcare Business Intelligence Association and the European Pharmaceutical Market Research Association, and this research was conducted in accordance with their guidelines on market research, including relevant European privacy legislation. All procedures performed in studies involving human participants were in accordance with the ethical standards of the national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Nurses and patients provided written informed consent before participating in the study.
Participant Recruitment, Screening, and Eligibility
Nurses and patients were recruited to participate in both studies by local recruitment agencies based in the UK and Germany. Recruitment was via panel databases (lists of people who have previously opted in to be contacted for market research purposes; membership was reliant on relevant privacy permission), which was supplemented by recruitment through patient associations and support groups.
Only nurses with sufficient experience with autoinjector devices were eligible to participate in the studies. Specifically, nurses were screened to ensure they were a practice nurse/nurse practitioner, rheumatology specialist nurse, or gastroenterology specialist nurse in the UK or Germany with C 1 year of experience and [ 75% of their time dedicated to direct patient care. In addition, nurses needed to have experience in patient education and training with regard to using biologic therapy that involves self-injection, familiarity with how the Humira autoinjector is used, and experience managing C 10 patients with inflammatory joint disease, Crohn's disease, or ulcerative colitis who self-administer a biologic each month, including C 3 patients who use the Humira autoinjector (although nurses did not have to personally train those patients).
Patients were screened to ensure they were aged 18-65 years and had a diagnosis of rheumatoid arthritis, psoriatic arthritis, axial spondyloarthritis, ulcerative colitis, or Crohn's disease. Patients were required to have been injecting Humira themselves via an autoinjector device for C 3 months at the time of screening. However, prior experience with the Imraldi or MyClic autoinjectors was not required for study enrollment.
Study Questionnaire and Procedures
Two surveys were run as face-to-face interviews using training devices with neither needles nor active ingredients. Before initiating the study, participants were informed that they were participating in a market research study sponsored by a pharmaceutical company and designed to understand perceptions of medical devices and reactions to a potential new autoinjector. A moderator was present throughout each interview. The 20-min computer-based questionnaire evaluating the Imraldi versus Humira autoinjectors was completed first, followed by a 10-to 15-min break. The same nurse and patient participants then completed the 20-min computer-based questionnaire evaluating the Imraldi versus Enbrel MyClic autoinjectors.
The nurse and patient questionnaires, which include show cards with illustrations of each autoinjector, are available in the Electronic Supplementary Material (ESM) Appendix (additional illustrations and information on each autoinjector can be found in their respective European public assessment report [EPAR] product information documents [7, 8, 25] ). The questionnaires were divided into four sections. In the first section, all participants were asked about their prior experience with and awareness of various autoinjector devices; in addition, nurses were asked to rate the importance of autoinjector design in treatment selection and medication adherence for patients with inflammatory joint or bowel diseases. In the second section, the moderator provided participants with show cards illustrating how to use each autoinjector before allowing them to handle training versions of each one. The order in which the two autoinjectors were introduced was randomized for each participant interview. In the third section of each questionnaire, participants indicated which of the two autoinjectors they preferred and wrote their reasons for that preference. Participants were then asked for their preference of autoinjector based on specific attributes, including: (1) ease of use, (2) ease of assessing solution clarity, (3) indication that a full dose was administered, (4) audio signals, (5) ease of grip, and (6) perceived ease of administering a dose. In addition, nurses were asked which autoinjector they would recommend to others and which would be easier to teach patients how to use, and patients were asked which autoinjector they would prefer to use to continue treatment. The majority of questions in this section of the questionnaire had previously been validated in a study of patients with rheumatoid arthritis, nurses, and rheumatologists [20] . The final section of the questionnaire included questions on participant demographics, including gender and age.
Statistical Analyses
For each questionnaire item, a binomial test was employed to identify statistical significance (P \ 0.05). Separate tests were run for the Imraldi versus Humira autoinjectors and the Imraldi versus Enbrel MyClic autoinjectors, and no comparisons were made between the Humira and Enbrel MyClic autoinjectors or among all three autoinjectors. Overall preference was identified as the primary indicator prior to commencing the market research, and this question was asked ahead of the other comparison metrics.
RESULTS

Participant Characteristics
A total of 101 nurses (50 from the UK and 51 from Germany) participated in both studies (Table 1) . Rheumatology specialist nurses and gastroenterology specialist nurses each constituted half of all nurse participants. All nurses had prior familiarity with the Humira autoinjector (100%) and/or the Enbrel MyClic autoinjector (65%), and the majority of nurses trained/supported patients self-administering using the Humira autoinjector (96%) or the Enbrel MyClic autoinjector (52%). On a 7-point scale (1 = not at all important; 4 = neither important nor unimportant; 7 = extremely important), nurses rated a mean score of 6.27 for the importance of the autoinjector design when selecting a treatment for inflammatory joint or bowel disease. Similarly, nurses rated a mean score of 6.54 on a 7-point scale (1 = no impact at all; 7 = great positive impact) for the importance of patients being comfortable with using a device in increasing adherence during the treatment of inflammatory joint or bowel disease.
Additionally, a total of 151 patients (90 from the UK and 61 from Germany) participated in both studies (Table 2) . Patients had a variety of inflammatory conditions, including rheumatoid arthritis (37%), ulcerative colitis (23%), Crohn's disease (30%), psoriatic arthritis (15%), and axial spondyloarthritis (3%). Of the enrolled patients, 54% were female, 61% were aged [ 40 years, and 95 and 18% were previously aware of the Humira and Enbrel MyClic autoinjectors, respectively, with 92% using the Humira autoinjector and 3% using the Enbrel MyClic autoinjector at the time of the study.
Questionnaire Results: Imraldi Versus Humira Autoinjectors
In the first study, 85% of nurses and 78% of patients preferred the Imraldi autoinjector over the Humira autoinjector (Fig. 1) . When the data were analyzed according to geographic region, the Imraldi autoinjector was preferred by 90% of nurses and 84% of patients in the UK and 80% of nurses and 69% of patients in Germany (ESM Tables S1 and S2 ). The main reasons for preferring the Imraldi autoinjector over the Humira autoinjector were: convenient and easy to use/inject/handle (60% of nurses and 63% of patients), fits well and does not slip in hand (43 and 40%, respectively), has an initiation mechanism that requires no thumb trigger button (41 and 30%, respectively), has a large and visual control that is suitable for hearingimpaired patients (42 and 27%, respectively), has a double click that is suitable for visually impaired patients (49 and 38%, respectively), and requires removal of only one cap (34 and 33%, respectively; ESM Tables S3 and S4) . Most nurses and patients indicated that the Imraldi autoinjector outperformed the Humira autoinjector with regard to ease of use, ease of grip, ease of dose administration, and feedback after administering a full dose (Fig. 2) . These results remained consistent when participants from the UK and Germany were analyzed separately (ESM Tables S1 and S2 ). Consequently, 83% of all nurses (UK 94%; Germany 73%) thought it would be easier to teach patients how to use the Imraldi autoinjector than how to use the Humira autoinjector, and 87% of all nurses (UK 92%; Germany 82%) would recommend the Imraldi autoinjector over the Humira autoinjector ( Fig. 1a; ESM Table S1 ). Furthermore, 79% of all patients (UK 86%; Germany 70%) would select the Imraldi autoinjector over the Humira autoinjector to continue treatment ( Fig. 1b; ESM Table S2 ). Patient study results remained consistent regardless of age or diagnosed inflammatory condition, and nurse study results remained consistent regardless of specialty (ESM Tables S1 and S2).
Questionnaire Results: Imraldi Versus Enbrel MyClic Autoinjectors
In the second study, 86% of nurses and 79% of patients preferred the Imraldi autoinjector over the Enbrel MyClic autoinjector (Fig. 3) . When the data were analyzed according to geographic region, the Imraldi autoinjector was preferred by 88% of nurses and 84% of patients in the UK and 84% of nurses and 70% of patients in Germany (ESM Tables S5 and S6 ). The top reasons indicated for the preference of the Imraldi autoinjector over the Enbrel MyClic autoinjector were: convenient and easy to use/inject/ handle (45% of nurses and 65% of patients), fits well and does not slip in hand (57 and 51%, respectively), and has an automatic start that requires no thumb trigger button (45 and 27%, respectively; ESM Tables S7 and S8 ). Nurses and patients strongly preferred the Imraldi autoinjector over the Enbrel MyClic autoinjector for its ease of use, ease of grip, and ease of dose administration (Fig. 4) . These results remained Tables S5 and S6 ). Nurses and patients also preferred the Imraldi autoinjector over the Enbrel MyClic autoinjector when evaluating ease of assessing clarity of the injection (5) 10 (7) 26-30 years 12 (13) 3 (5) 15 (10) 31-35 years 8 (9) 7 (11) 15 (10) 36-40 years 14 (16) 5 (8) 19 (13) 41-50 years 22 (24) 15 (25) 37 (25) 51 Have used in the past 10 (11) 7 (11) 17 (11) Aware of 10 (11) 17 (28) 27 (18) Others Currently used 11 (12) 3 (5) 14 (9) Have used in the past 9 (10) 3 (5) 12 (8) Aware of 17 (19) 7 (11) 24 (16) solution, feedback after administering a full dose, and audio signals; compared with other questions, a higher percentage of participants chose 'no preference' for these questions, although the percentage of participants who preferred the Enbrel MyClic autoinjector remained low (5-15%). Overall, 82% of all nurses (UK 86%; Germany 78%) thought it would be easier to teach patients how to use the Imraldi autoinjector than how to use the Enbrel MyClic autoinjector, and 85% of all nurses (UK 86%; Germany 84%) would recommend the Imraldi autoinjector over the Enbrel MyClic autoinjector ( Fig. 3a; ESM Table S5 ). Moreover, 81% of all patients (UK 88%; Germany 72%) indicated that they would select the Imraldi autoinjector over the Enbrel MyClic autoinjector to continue treatment ( Fig. 3b ; ESM Table S6 ). Patient study results remained consistent across age groups and diagnosed inflammatory conditions. Nurse study results stayed consistent irrespective of specialization or prior familiarity with the Enbrel MyClic autoinjector (ESM Tables S5 and S6) .
DISCUSSION
In the studies reported here, questionnaires were administered to patients with inflammatory joint or bowel disease (n = 151) and to nurses with experience in working with these conditions (n = 101), in both the UK and Germany, to ascertain their preference of autoinjector (the Imraldi autoinjector vs. the Humira and Enbrel MyClic autoinjectors) for subcutaneous delivery of a biologic TNF inhibitor. When evaluating the overall autoinjector, as well as individual characteristics of the autoinjector, a higher proportion of both nurses and patients preferred the Imraldi autoinjector over the Humira and Enbrel MyClic autoinjectors. Nurses indicated that they would recommend the Imraldi autoinjector over both the Humira and Enbrel MyClic autoinjectors, and they believed that use of the Imraldi autoinjector would be easier to teach to patients. Furthermore, the majority of patients indicated that they would prefer to continue treatment with the Imraldi autoinjector over the Humira or Enbrel MyClic autoinjectors. Importantly, for patients, results were consistent irrespective of age, country, or condition; for nurses, results were consistent regardless of country, specialty, or prior familiarity with the Enbrel MyClic autoinjector. Prior studies had identified 'easy to operate the self-injection' and 'easy to grip the autoinjector' as the most important attributes for both patients and nurses using or training patients for use of an autoinjector device for self-injection [17] [18] [19] . Consistent with prior studies, in this current study these attributes were the most frequently reported reasons for both patients' and nurses' overall preference of the Imraldi autoinjector over the Humira and Enbrel MyClic autoinjectors. Patients and nurses also preferred the Imraldi autoinjector's button-free initiation mechanism over the activation button required for injection with the Humira and Enbrel MyClic autoinjectors. Many participants indicated that the initiation mechanism was one of their main reasons for preferring the Imraldi autoinjector. The improved grip and usability of the Imraldi autoinjector were indicated as being of utmost importance for patients with inflammatory joint disease, who can struggle with self-injection due to joint pain and limited manual dexterity [21, 22] . Considering the prevalence of nonadherence in patients with chronic inflammatory conditions [10, 11] , the improved design of the Imraldi autoinjector may help to sustain long-term effectiveness of this biologic TNF inhibitor by optimizing patient comfort with self-administration of treatment.
With multiple anti-TNF biosimilars available, device preference may be a contributory factor in physician selection of treatment for patients with inflammatory joint or bowel disease in whom a biologic therapy is indicated. Several recent studies have reported that patients and nurses prefer the newer BenepaliÒ autoinjector (Biogen Inc., Cambridge, MA, USA) over the Enbrel MyClic autoinjector based on evaluation of the overall autoinjector and most autoinjector design characteristics [17, 18] . Collectively, the results of these past studies and the present study demonstrate that both patients and nurses tend to prefer design attributes incorporated into newly developed autoinjectors over those of older counterparts.
Study Limitations
Of note, the design of the study had some limitations. Participants' prior experience with the Humira and Enbrel MyClic autoinjectors may have negatively or positively biased their responses due to their familiarity with the devices (e.g., some participants may feel more comfortable with a known device, while others may be drawn to something new). Furthermore, the same nurses and patients participated in both studies; the questionnaire for evaluation of the Imraldi versus Humira autoinjectors always took place first, with the questionnaire for evaluation of the Imraldi versus Enbrel MyClic autoinjectors initiated after a 10-to 15-min break. At the time of the comparison against the Enbrel MyClic autoinjector, participants had prior training with Imraldi due to their participation in the first study and will have also realized that the Imraldi autoinjector was a focus of both studies. The study order may therefore have biased the Imraldi versus Enbrel MyClic autoinjector study results.
CONCLUSIONS
Results from these patient and nurse surveys suggest that rheumatology and gastroenterology nurses and patients with inflammatory joint or bowel disease prefer the Imraldi autoinjector over both the Humira and the Enbrel MyClic autoinjectors. The main reasons for this preference include the Imraldi autoinjector's initiation mechanism and its improved grip and ease of use. Consequently, nurses were more likely to recommend the Imraldi autoinjector than either of the other devices assessed, Funding. This study was sponsored by Biogen International GmbH; funding for article processing charges was also provided by Biogen International GmbH. All authors had full access to all of the data in this study and take complete responsibility for the integrity of the data and accuracy of the data analysis.
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